The phytochemical investigation of Dimerostemma arnottii (Asteraceae) afforded, in addition to a known eudesmanolide, two unusual eudesmane methyl ester derivatives and a new eudesmanolide. Structural elucidation of the compounds was based on their 1D and 2D NMR spectroscopic as well as HR-ESI-MS data. There is a remarkable similarity between the structures of the eudesmanes from D. arnottii and those previously encountered in other Dimerostemma species, which is in agreement with the results of a previous phylogenetic study based on molecular data. The chemotaxonomic relevance of the isolated compounds is briefly discussed.
Dimerostemma Cass. (Asteraceae, tribe Heliantheae, subtribe Verbesininae sensu Bremer) is a genus with 29 species endemic in South America and concentrated mainly in midwestern Brazil [1] . On the basis of a recent molecular phylogenetic study, the former genus Angelphytum was included in Dimerostemma. Conclusively, all species of Angelphytum were transferred to Dimmerostemma, and the former A. arnottii (Baker) H.Rob. is now named D. arnottii (Baker) M. D. Moraes. [1] Only a few species of Dimmerostema have been chemically investigated so far, revealing a dominance of sesquiterpene lactones of the eudesmanolide subtype [2] [3] [4] [5] [6] . These eudesmanolides show an unusual substitution pattern that is not observed in any other genus [2] .
As part of a continuing investigation of the chemical structures and biological activities of sesquiterpene lactones from Brazilian Asteraceae [2, [7] [8] [9] [10] , we performed a phytochemical study of the dichloromethane extract of the leaves of D. arnottii. We report herein the isolation and structural elucidation of a new eudesmanolide (1) and two unusual methyl ester derivatives (2 and 4), as well as the isolation of the known dimerostemmolide 1-O-[2-methyl-2,3-epoxy butyrate] [4, 11] (3, Figure 1 ).
The structural elucidation of the four closely related compounds started with the already known eudesmanolide 3. This elucidation was carried out by comparison of the obtained NMR and ESI-MS data (not shown) with previously published data [4, 11] . It is important to mention that the complete 1 containing all individual coupling constant values and cleared multiplicities described in the present work (Table 1) are not available in the literature. Moreover, unpublished 2D correlations ( Table 2 ) and 13 C NMR data (Table 3 ) of 3 have also been obtained and are now being reported.
The NMR spectra of 4 were very similar to those of 3, but the 1 H NMR data revealed significant differences in the chemical shifts of the protons at positions 5-9 and 13 (Table 1) , while in the 13 C NMR spectra such differences occurred at positions 7-9, 12, and 13 (Table  3 ). Together with this information, an extra signal at δ 51.8 in the 13 C NMR spectrum and a 3H singlet at δ 3.74 in the 1 H NMR spectrum of 4 have led us to propose the methyl ester moiety at C12, which is shown in Figure 1 . Confirmation of this was achieved with the aid of HMBC data, which showed the correlations between C12 and H16, as well as C5, C6, and C7 with the hydrogen atom of the C6-hydroxyl group ( Table 2 ). The assignment of the NMR signals of the epoxyangelate at C1 and analysis of HR-ESI-MS data confirmed the structure of 4 as a new eudesmane methyl ester.
Besides the ester moiety, the signals of H3b, H15a, and H15b in the 1 H NMR spectrum of 1 are significantly different when compared with those of 3 ( Table 1 ). The differences in the chemical shifts of C4 (δ 144.4) and C15 (δ 109.3) in the 13 C NMR data ( Table 3) were also important for the elucidation of the structure of 1. With the exception of the epoxide ring along C4-C15 and the epoxyangelate at C1, the structure of 1 is identical to that of 3 (Figure 1 ). After careful analysis of the NMR spectroscopic data, the positions from 1-15 of 1 could be fully assigned. The 1 H NMR signals of H3'', H4'', and H5'' of the side chain ester at C1 led us to consider the presence of either the angelate or tiglate moiety. However, the typical quartet of the olefinic hydrogen at δ 6.14 (H3''), together with 13 C NMR data, confirmed the presence of the angelate moiety. Nevertheless, additional signals (H2' to H5') that did not correlate with any atom of the eudesmane skeleton suggested an ester of higher complexity at C1. Thus, HMBC and previously published data [12, 13] were used for the assignment of all the positions of this ester, as shown in Tables 1, 2, and 3. The HR-ESI-MS data helped us to confirm the structure of 1 as shown in Figure 1 .
The structural elucidation of compound 2 was based on the analysis of the NMR spectra of 1. The only difference between the structures of 1 and 2 is the same as that observed for 3 and 4; i.e., the presence of a lactone function instead of a methyl ester at C12, respectively. The HR-ESI-MS data of 2 confirmed its structure as shown in Figure 1 .
For all compounds, the 13 C NMR signals were assigned with the aid of HMQC information, followed by the use of HMBC data for assignment of the quaternary carbon atoms. Special highlights of the 2D assignments are the observed correlations between C1' and H1 for all the structures in HMBC. This procedure confirmed the Table 2 because all possible correlations were clearly observed for 1-4.
The relative stereochemistry of positions 1, 6, 7, 8, and 10 for all the compounds was fully confirmed by NOEDIFF experiments. An intense NOE effect was observed between H6, H8, and H14 with irradiation at any of these positions. On the other hand, irradiation of H5 and H7 caused no effect on the signals of H6, H8, and H14.
It should be pointed out that eudesmanes with a methyl ester at C12, as displayed by the structures of compounds 2 and 4 as well as the complex side chain ester of 1 and 2, are very rare in Asteraceae. A few similar eudesmane methyl esters were found in taxa of the tribe Cardueae [14] , while the only report in subtribe Verbesininae so far was in Geraea viscida (A. Gray) S.F.Blake [15] . Although we believe that compounds 2 and 4 are natural, the hypothesis that they may actually be artifacts formed during the isolation process cannot be discarded.
Several sesquiterpene lactones of the eudesmanolide, guaianolide, germacrolide, melampolide, and other minor subgroups have been described in the subtribe Verbesininae. The terpenoids isolated from D. arnottii (formerly A. arnottii) show very close similarity to the eudesmanolides previously reported in other Dimerostemma species, not only with regard to their skeletal subtypes but also with respect to the unique substitution pattern; for example, α-oriented ester and hydroxyl group at C1 and C8, respectively, and exocyclic double bond or epoxide ring along C4-C15 (dimerostemmolides) [2] [3] [4] [5] 11] . Thus, based on the substitution pattern of the eudesmane framework of the four compounds, the new combined species investigated herein presents the same chemical pattern as the other previously investigated Dimerostemma species. Therefore, our chemical data are supported by phylogenetic studies using molecular data and both corroborate the transfer of the genus Angelphytum into Dimerostemma.
Experimental
General experimental procedures: IR spectra were recorded in CHCl 3 using a Nicolet-Protégé 460 spectrometer. NMR spectra were acquired on a Bruker DPX 400 spectrometer (400 MHz for 1 H and 100 MHz for 13 C). Samples were dissolved in CDCl 3 , and the spectra were calibrated from the solvent signals observed at δ 7.26 ( 1 H) or 77.0 ( 13 C). High resolution ESI-MS spectra were obtained using an UltrO-TOF (Bruker Daltonics) fitted with an electrospray ion source operating in the positive ion mode. Vacuum liquid chromatography (VLC) [16] was carried out using silica gel 60H (Merck, art. 7736) in glass columns with 5-10 cm i.d. Flash chromatography [17] was performed with silica gel 60 (Merck, art. 9385) in a 450-25 mm glass column, using a flow rate of 5 mL/min. High performance liquid chromatography (HPLC) analyses were accomplished on a Shimadzu SLC-10Avp liquid chromatography controller operating with the Class-VP software v. 5.02 and equipped with a Shimadzu UV-DAD detector SPD-M10Avp and a Shimadzu ODS column (4.6 x 250 mm, 5 µm, 100 Å). of samples containing 0.5 mg each, the two main compounds 1 (4.2 mg) and 2 (6.5 mg) were isolated. F5 was initially fractionated over silica gel by VLC, as described above, to give an additional 8 sub-fractions (F5.1 to F5.8). F5.3 (120.0 mg) and F5.5 (80.0 mg) were further fractionated using flash chromatography (n-hexane/EtOAc/CHCl 3 2:5:3 + 1% HOAc). A white solid mass appeared in the sub-fraction F5.5.3 (12.0 mg), which was identified as compound 3. After TLC analysis, the sub-fraction F5.3.4 (15.0 mg) showed a main spot (4, 5.0 mg), which was later purified by reversed phase HPLC as previously described (50 μL; MeCN/H 2 O 1:1; flow rate 0.9 mL/min.; 210 nm).
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